We compared changes in the dietary patterns of morbidly obese patients undergoing either laparoscopic gastric bypass surgery or a comprehensive lifestyle intervention programme. The present 1-year non-randomised controlled trial included fifty-four patients in the lifestyle group and seventy-two in the surgery group. Dietary intake was assessed by a validated FFQ. ANCOVA was used to adjust for betweengroup differences in sex, age, baseline BMI and baseline values of the dependent variables. Intakes of food groups and nutrients did not differ significantly between the intervention groups at baseline. At 1-year follow-up, the lifestyle group had a significantly higher daily intake of fruits and vegetables (561 (SD 198) v. 441 (SD 213) g, P¼ 0·002), whole grains (63 (SD 24) v. 49 (SD 16) g, P,0·001) and fibre (28 (SD 6) v. 22 (SD 6) g, P,0·001) than the surgery group and a lower percentage of total energy intake of saturated fat (12 (SD 3) v. 14 (SD 3) %, P, 0·001). The intake of red meat declined significantly within both groups, vegetables and fish intake were reduced significantly in the surgery group and added sugar was reduced significantly in the lifestyle group. The lifestyle patients improved their dietary patterns significantly (compared with the surgery group), increasing their intake of vegetables, whole grains and fibre and reducing their percentage intake of saturated fat (ANCOVA, all P,0·001). In conclusion, lifestyle intervention was associated with more favourable dietary 1-year changes than gastric bypass surgery in morbidly obese patients, as measured by intake of vegetables, whole grains, fibre and saturated fat.
People with severe obesity are at high risk of developing CHD, hypertension, type 2 diabetes and some forms of cancer (1, 2) . Obesity is also associated with impaired quality of life (3) and premature mortality (2, 4) .
Bariatric surgery can lead to significant and sustained weight loss as well as decreased morbidity and mortality (5 -7) . However, due to surgery-related costs and adverse effects, non-surgical lifestyle modification remains the cornerstone of obesity treatment. Although no dietary strategy has yet been established as superior in terms of long-term weight loss maintenance (8 -10) , intake of specific food groups, such as vegetables, whole grains, fruits, nuts and yoghurt, has been shown to be inversely associated with weight gain (11) . A diet with a limited total-and saturated fat content, rich in fruits, vegetables and low-fat dairy products, may reduce the risk of developing stroke and CHD (12, 13) . Intake of fruits, berries, vegetables and whole-grain foods is associated with reduced risk of several cancer forms, while intake of red meat may increase cancer risk and mortality (14 -16) . Likewise, a diet which has , 30 % of total energy (E) intake from fat, , 10 E % from saturated fat and is rich in fibre and wholegrain foods, is associated with reduced risk of developing type 2 diabetes (17, 18) .
The present dietary recommendations emphasise food groups rather than nutrients, as food-based dietary guidelines (FBDG) are thought to be easier for the general population to implement (19, 20) . These guidelines emphasise a high intake of fruits, vegetables and whole grains and a limited intake of processed and energy-dense foods. By implementing these guidelines, dietary intake of complex carbohydrates (fibre), antioxidants, vitamins and minerals will increase, while intake of saturated fat will diminish (19, 20) .
Bariatric surgery results in a more pronounced weight loss than conventional lifestyle intervention, mainly because of the former's greater reduction in energy intake (21) . Previous studies have focused on the effect of bariatric surgery on nutrient intake (22, 23) , percentage energy distribution and potential avoidance of fatty or sweet foods (24) , but few studies have assessed the impact of gastric bypass surgery on intake of food groups in the context of recent FBDG. We therefore compared changes in the intakes of specified food groups and energy-yielding nutrients in patients undergoing either gastric bypass surgery or intensive lifestyle intervention during a 1-year non-randomised clinical intervention trial.
Methods

Study design and setting
The study was a pre-planned per protocol analysis of dietary changes in a population of morbidly obese patients (BMI $ 40 or 35·0-39·9 kg/m 2 combined with at least one weight-related co-morbidity) (25) who participated in the nonrandomised controlled morbid obesity treatment, bariatric surgery v. intensive lifestyle intervention (MOBIL) study (ClinicalTrials.gov: NCT00273104) (26, 27) . The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Regional Ethics Committee for Medical Research in South East Norway. Written informed consent was obtained from all participants.
Participants
Of the 146 patients enrolled, a total of 139 (sixty-three in the intensive lifestyle intervention group and seventy-six in the gastric bypass surgery group) completed the MOBIL study (27) . After the exclusion of thirteen patients who declined to undergo dietary interviews (nine at baseline and four after intervention), 126 patients (fifty-four in the lifestyle group and seventy-two in the surgery group) were included in the analysis (Fig. 1) . The thirteen excluded patients did not differ significantly from the remaining 126 patients in terms of age (P¼0·995), sex (P¼ 0·593) or BMI (P¼ 0·385) (data not shown).
Dietary data
Dietary intake was assessed using a validated FFQ (28) . The FFQ is designed to measure the daily habitual food intake of the adult population in Norway and is suitable for estimating the intake of a variety of macro-and micronutrients, including intake from dietary supplements (29) . The FFQ was implemented through structured dietary interviews, both at baseline and at 1 year after the start of intervention. The interviews lasted between 1 and 2 h and were conducted by registered dietitians. The FFQ includes 180 food items and courses, grouped together according to the typical Norwegian meal pattern. Patients were asked to describe their dietary habits during the previous year and report their intake (frequency and amount) of various food items (per d, week or month). Units (e.g. slices and pieces) and household measures were used to help patients estimate portion sizes. The questionnaires were scanned (Teleform 10.0; Cardiff Software, Inc.) and the daily intake of foods, energy and nutrients were calculated using software (KBS 6.0; developed at the Institute of Basic Medical Sciences, Department of Nutrition, University of Oslo) based on the data from the Norwegian food composition table (Norwegian Nutrition Council, 1995).
Interventions
Treatment allocation was made as a joint decision between the patient and the physician. Patients allocated to surgery were given recommendations by registered dietitians regarding pre-and post-operative changes in dietary intake. Pre-operatively, patients followed a low-energy diet Completed the MOBIL study (n 139)
Gastric bypass surgery (n 76)
Intensive lifestyle intervention (n 63)
Did not meet for dietary interview at baseline (n 2), after 1 year (n 2)
Did not meet for dietary interview at baseline (n 7), after 1 year (n 2)
Completed dietary interview at baseline and 1 year after start of lifestyle intervention (n 54)
Completed dietary interview at baseline and 1 year after bariatric surgery (n 72) (3766 kJ/d (900 kcal/d)) for 3-6 weeks in order to reduce liver size and abdominal fat content. Roux-en-Y gastric bypass surgery was performed laparoscopically. The gastric pouch was approximately 25 ml and the median intestinal limb lengths were as follows: alimentary limb 120 (range 80-250) cm, biliopancreatic limb 100 (range 50-170) cm and common channel, variable length (27) . With a view of preventing gastrointestinal discomfort after bariatric surgery, patients were recommended to eat small frequent meals rich in protein and fibre, to chew thoroughly and slowly and to take fluids separately from meals. Patients were informed that intake of some food types shortly after surgery could provoke postprandial discomfort; examples given were of foods with a high-fat and/or sugar content, carbonated beverages, soft 'doughy' bread, pasta, rice, alcohol, whole meat and the skin and fibres in some fruits and vegetables. To maintain weight loss and improvements in health, the importance of implementing a persistent diet in accordance with present guidelines (i.e. a varied diet with plenty of vegetables, fruits and berries, whole-grain products and fish and limited amounts of saturated fat and sugar) was emphasised. In the first year after surgery, dietary advice was given by dietitians during four consecutive group sessions and individually if needed (27) . All patients were prescribed a standardised set of post-operative supplements consisting of a multivitamin/mineral formulation (vitamin content: 500 mg A; 1·4 mg B 1 ; 1·6 mg B 2 ; 2 mg B 6 ; 200 mg folate; 1 mg B 12 ; 60 mg C; 5 mg D; and 10 mg E (Collett Kostpluss; Axellus)); vitamin D/Ca (20 mg D 3 /1000 mg calcium carbonate (Calcigran forte; Nycomed Pharma), Fe (65 mg ferrous sulphate, 130 mg in women (Ferromax; Weifa)) and fish oil supplements (10 mg D 3 , 250mg A and 10 mg E (Møllers Dobbel; Axellus). Vitamin B 12 was given intramuscularly every 3 months (1 mg cyanocobalamine (Betolvex; Actavis)) (30) . Patients in the lifestyle group attended a 1-year lifestyle programme at a rehabilitation centre for morbidly obese persons (Evjeklinikken, Norway). The programme comprised of four intermittent stays at the centre, one lasting 4 weeks and three lasting 1 week (total, 7 weeks) (27) . Patients had both individual consultations and group sessions with a team of health professionals, which included a medical doctor, registered dietitian, physiotherapist and nurse. Six meals were served per d; four main meals and two snacks. Meals were prepared in accordance with the dietary recommendations from the Norwegian National Council of Nutrition (recommended distribution of energy intake: protein 10 -20 %, fat ,30 %, saturated fat ,10 %, carbohydrate 50 -60 % and added sugar , 10 %) (31) . The nutritional information given to patients was also based on these recommendations, with similar dietary advice also given to the surgery patients. Patients were encouraged to practice their newly formed lifestyle habits at home and to visit their general practitioner regularly in order to monitor their weight. The patients were also contacted by telephone at every 2 weeks. The aim of treatment was 10 % weight loss or more.
Outcome variables
The primary outcomes are expressed as changes in daily intake of various food groups from baseline to follow-up.
The following food groups were assessed: fruits, vegetables, whole grains and fish and red meat. Red meat is given as cooked meat (750 g raw meat equals 500 g cooked meat) (15) . Changes in the intake of dairy products (milk, cheese and yoghurt) were also assessed.
In addition, changes in the intake of total energy, fibre and the percentage distribution of the energy-yielding nutrients, i.e. fats (total, saturated, monounsaturated and polyunsaturated fat), carbohydrates and proteins, were assessed.
Statistical analyses
Data are given as means and standard deviations, mean (95 % CI), or proportion (%) unless stated otherwise. Differences between groups were analysed using independent samples t test for continuous data and Fisher's exact test for categorical data. Within-group changes were assessed with paired samples t test. Between-group changes of food group intakes and nutrients were assessed using ANCOVA, with adjustments for sex, age, baseline BMI and baseline values of the dependent variables.
A 5 % statistical significance level was used. All analyses were implemented in SPSS 16.0 (SPSS).
Results
The seventy-two patients who underwent gastric bypass surgery were on average 4 years younger and 13 kg heavier than the fifty-four subjects who underwent lifestyle intervention ( Table 1 ). The average weight loss at 1 year after the start of the intervention was 30 % in the surgery group and 8 % in the lifestyle group (27) .
The daily intake of various food groups did not differ significantly between the treatment groups at baseline ( Table 2) . A total of thirty-one (57 %) patients in the lifestyle group and thirty-five (49 %) in the surgery group (P¼0·370) had a daily intake below the FBDG of $500 g/d of fruits and vegetables (20) . A total of thirty-eight (70 %) subjects in the lifestyle group and forty (56 %) in the surgery group (P¼0·099) had a weekly intake of red meat above the FBDG of , 500 g/week.
Food intake at follow-up
The daily food group intakes at 1 year after the start of the intervention are shown in the columns on the right-hand side of Table 2 . The surgery group had a significantly lower intake of fruits and vegetables, mainly explained by a lower intake of vegetables. Surgically treated patients also had a significantly lower intake of whole grains compared with the lifestyle group. As compared with the lifestyle group, a larger proportion of patients from the surgical group had daily intakes below the FBDG for fruit and vegetables (69 v. 44 %, P¼0·006 ). The proportion of patients with a weekly intake of red meat above the FBDG (, 500 g/week) did not differ significantly between the groups (22 v. 28 %, P¼0·533).
At follow-up, the lifestyle group tended to have a higher intake of dairy products in general and a significantly higher intake of yoghurt in particular, as compared with the surgery group (Table 2) .
Changes in dietary patterns
The changes in daily intakes of selected food groups are illustrated in Fig. 2 . Vegetable intake was reduced by approximately 25 % in the surgery group and tended to increase in the lifestyle group (between-group difference, P, 0·001).
Intake of whole grains did not change significantly in either group (between-group difference, P, 0·001). Intakes of red meat decreased significantly in both intervention groups with no significant between-group difference (P¼0·088). Fish intake tended to decrease in the lifestyle group and decreased significantly in the surgery group, with no significant between-group difference (P¼ 0·094). Intake of nuts did not change significantly in either group.
Nutrients and energy
There were no significant differences in the intakes of energy and energy-yielding nutrients in the two treatment groups at baseline (Table 3) . After 1 year, patients in the surgery group had a significantly lower total energy intake than patients in the lifestyle group. In contrast, the percentages of energy intake from total, saturated and monounsaturated fat were significantly lower in the lifestyle group than they were in the surgery group (Table 3) .
The proportion of patients who reported , 30 % of energy intake from fat increased from 9 to 44 % in the lifestyle group and from 10 to 18 % in the surgery group (P¼0·002; Fisher's exact test). Furthermore, the proportion of patients who had ,10 % of energy intake from saturated fat increased from 2 to 22 % in the lifestyle group and from 3 to 4 % in the surgery group (P¼0·004; Fisher's exact test).
Fibre intake was not significantly different between the groups at baseline. At follow-up, the surgery group reported a significantly lower fibre intake than the lifestyle group (Table 3) .
At baseline, 37 % of patients in the lifestyle group and 36 % of the patients in the surgery group had a fibre intake below the recommended intake ($25 g/d). At follow-up, the corresponding figures were 30 and 68 %, respectively (P,0·001; Fisher's exact test).
Within-group changes for percentage energy intake from various nutrients are illustrated in Fig. 3 . Compared with the surgery group, patients in the lifestyle group reported significantly greater reductions in percentage energy intake from total, saturated, mono-and polyunsaturated fat. Only the lifestyle group increased their percentage energy intake from carbohydrates (between-group difference, P,0·001).
Both groups increased their percentage of energy intake from protein, with no significant between-group difference (P¼ 0·588). (20) . The intake of added sugar decreased significantly only in the lifestyle group, with no significant between-group difference (P¼0·598).
The surgery group had a significantly larger decrease in fibre intake than the lifestyle group (data not shown in figure, between-group difference, P, 0·001).
Discussion
In the present 1-year non-randomised controlled trial, we have shown that morbidly obese patients who participated in a comprehensive lifestyle intervention programme with intermittent stays at a rehabilitation centre reported more favourable changes in their dietary pattern according to present guidelines compared with patients who underwent gastric bypass surgery. At follow-up, the lifestyle group had a greater intake (g/d) of fruits and vegetables, whole grains and fibre and a lower intake (percentage of total energy) of total, saturated and monounsaturated fat than the surgery group.
To the best of our knowledge, only two case-control studies of obese subjects (both from the National Weight Control Registry) have compared nutrient intake between patients achieving significant weight loss through either surgical or non-surgical methods (32, 33) . As in the present study, the surgical group reported a significantly higher intake of fat (37 v. 35 % in the present study) than the non-surgical group (28 v. 31 %) (33) . However, the study designs in these studies were cross-sectional and did not include changes in nutrient intake or details on various food groups. In addition, intake of fibre and saturated fat was not assessed. The surgical participants in the National Weight Control Registry database reported less physical activity than the non-surgical participants (33) , which is consistent with previously published findings from the present study (27) .
Although few studies have examined food intake patterns after surgical weight loss, changes in the percentage intake of macronutrients after bariatric surgery have been explored to a limited extent. In one study, women who underwent gastric bypass surgery and visited a registered dietitian four times during the first post-operative year had a similar distribution of macronutrients at baseline and at the end of follow-up (41 % of energy from carbohydrates, 41 % from fat and 15 % from protein) (23) . Similarly, a study comparing two surgical methods showed no significant changes in the percentage intake of fat from the time of gastric bypass surgery up to 1 year follow-up (41 %, twenty-six women) (22) . In contrast, Olbers et al. have demonstrated that patients randomised to gastric bypass reported a significant reduction in percentage fat intake, from 34·4 to 30·5 % at 1 year after surgery. In contrast with the former studies and in partial agreement with the latter, we found a small reduction in percentage intake of fat in the surgery group (37-35 %) . Direct comparison with the present study is, however, difficult, given that no information regarding dietary recommendations was reported in these studies. Furthermore, the relative percentages of saturated, monoand polyunsaturated fat were not assessed in these studies (22 -24) . At baseline, the majority of our patients did not adhere to the recommended intake of saturated fat (,10 % of energy) (31) . The proportion of patients adhering to this recommendation at follow-up was significantly higher in the lifestyle group (22 %) than in the surgery group (4 %).
An interesting finding was that both intervention groups reduced their fish intake, even though increased fish intake is recommended in both intervention programmes and healthy diet advice for the population in general (20) . Furthermore, in spite of gastric bypass patients being advised to eat low-fat dairy products as a source of protein, they showed a marked reduction in dairy product intake after 1 year. Even though surgically treated patients may experience varying degrees of food intolerance (dumping, nausea) in the first post-operative months, which may limit the food type and amount consumed, the degree of malaise is highly individual, with patients tending to return to a more 'normal' diet after this period (34, 35) . As fish and yoghurt are nutritious, proteinrich foods recommended after bariatric surgery, one might have expected that consumption of these foods would be higher in the surgery group.
Both groups decreased their intake of red meat, with a greater decrease in the surgery group than the lifestyle group. This difference may be related to the fact that the surgically treated patients were informed that whole meat could cause discomfort in the initial weeks after operation because of its tough, dry texture (36) .
Even though patients in both intervention groups were advised to maintain a healthy diet, only patients in the lifestyle group increased intake of fruits, vegetables and whole grains in accordance with recent FBDG (19, 20) . No previous studies have assessed changes in intake of whole grains after bariatric surgery, while avoidance of fruits and vegetables has been reported among 10 % of patients at 1 year after gastric bypass surgery (24) . Even though patients treated with gastric bypass surgery may be able to eat all kinds of foods at 1 year after intervention (24) , the present findings support previous studies indicating that patients undergoing bariatric surgery report a persistent unfavourable dietary pattern (22, 23) .
Limitations
The strengths of the present study include the prospective design, the homogeneous dietary characteristics of the intervention groups and its extensive dietary registration using a validated FFQ. The study also has its limitations. As a result of the non-randomised design, there is a risk of treatment allocation bias. Shorter intervention delay in the lifestyle group may have affected the participants' motivation and willingness to implement and maintain beneficial dietary changes (27) . Moreover, the intense dietary counselling and support given to the lifestyle group may have improved dietary compliance relative to the surgery group.
The use of FFQ helped standardise the reported food consumption, but we did not use biomarkers to compare the given information.
Although age and weight differences in the treatment groups were adjusted for in the multivariate analyses (ANCOVA), they might have biased the present findings. In addition, we cannot exclude the possibility that unknown confounders such as behavioural characteristics and genetics might have influenced the present results. To avoid discomfort post-operatively, the surgery patients were advised to avoid certain types of fruits and vegetables for 4 -8 weeks. Possibly, this may have affected food choice over a longer time period. Further, dietary reporting error is a known source of bias in studies including obese individuals (37) . Dietary assessment methods based on recall, such as FFQ, are susceptible to reporting bias due to both inaccurate recall and social desirability. Such tendencies may affect the reported accuracy of type and amount of what has actually been eaten. However, reporting bias among participants would need to be differentially distributed among those treated with surgery and lifestyle treatment to appreciably influence the between-group differences presented here. The FFQ method has also been shown to capture more realistic energy intake and distribution in obese individuals than 24 h dietary recalls (37) . Information on eating disorders was not available in either group. We have described dietary changes during a relatively short time period (1 year); whether the results achieved will persist in the long term remains to be seen. Finally, the majority of participants were of European origin, and as Total fat SFA MUFA PUFA Carbohydrate Sugar Change in energy intake (%) Fig. 3 . Within-group changes, mean (95 % CI), in intake of energy-yielding nutrients in morbidly obese patients from baseline to 1 year after start of either intensive lifestyle intervention (S) or gastric bypass surgery (V). The statistical significance of various between-group differences are calculated with the use of ANCOVA. Between-group differences were adjusted for sex, age, baseline BMI and baseline values of the dependent variables. Mean values were significantly different: * P , 0·05, ** P, 0·001.
such the results may not necessarily be valid in other ethnic or cultural settings.
Conclusion
Morbidly obese Caucasian patients who underwent an intensive lifestyle intervention programme with intermittent stays at a rehabilitation centre reported more favourable dietary changes than patients who underwent gastric bypass surgery at 1 year after the start of the intervention. The hypothesis that a persistent unfavourable dietary pattern may counteract the well-established long-term beneficial health effects of bariatric surgery needs to be addressed in future studies.
When preparing future nutritional guidelines for patients undergoing bariatric surgery, one should consider emphasising the importance of dietary improvement with focus not only on energy balance, but also on dietary composition and quality.
